This study aimed to enhance distribution uniformity of water flow through drip irrigation system network. The required Laboratory experiments for hydraulic tests and measurements were conducted at National Irrigation Lab of Agricultural Engineering Research Institute ((AENRI), ARC, MOLAR, Egypt. The distribution uniformity is affected by both pressure distribution along pipes and hydraulic characteristics of the drippers. The selected drippers were tested under operating pressures of (50, 75 , 100, 125 and 150 kPa), and the dripper irrigation lateral lengths were (35 ,50 ,75 and 100m). Two designs of drip irrigation were applied; first was closed circuits with two manifolds as a modification of traditional design, and the other design was the traditional with one manifold as a control.
INTRODUCTION
Distribution uniformity considered apart of successful network, the major part for developing irrigation system was new design considerations such as closed circuits using (two manifolds design) which effect on some hydraulic parameters such as distribution uniformity and coefficient of variation, using closed circuits technique has an effective role in maximizing distribution uniformity especially with long lateral lengths with different operating pressure.
The influence of pressure can be presented as variable in two ways: either, directly as the average of drippers mean flow rates, or as variable percentage of flow rates variation related to the mean flow rate at the recommended operating pressure at 100 kPa, and it has many benefits over convential drip irrigation (Singh and Rajput, 2007 So that closed circuits are considered one of the modifications of drip irrigation system, and will add advantages to traditional drip irrigation because it can relieve low operating pressures problem at the end of the lateral lines.
(Mansour, H.A. 2012), and it can also reduce some of the problems and constraints, such as non-distribution uniformity along the lateral lines in case of using long lines and low pressure water at the end of lateral irrigation lines in addition to solving the problem of high initial cost for the traditional drip irrigation method and traditional drip system as a control solving.
The objectives of this investigation were
1-Study the effect of the closed flow rate circuits on the problem of pressure reduction at the end stage of lateral lines.
2-Evaluation of some hydraulic parameters such as pressure head, and friction head losses. 3-Study the impact of different drip irrigation circuits and lateral line lengths for both laterals flow rate, uniformity coefficient, and coefficient of variation.
MATERIALS AND METHODS
The laboratory experiments was conducted at National Irrigation Lab at Agricultural Engineering Research Institute (AENRI), Dokki, Giza.
Materials ⁕hydraulic test bench
The hydraulic test bench was used to evaluate hydraulic characteristics of dripper as shown in Fig. (1) . ⁕Drippers: Five types of built in drip line were collected from the local market. Fig. (2) and Fig. (3) Show the difference of Internal structure between the pressure compensating and non-pressure compensating dripper.
Fig. 1. Hydraulic test bench components
Two types of drippers were non-pressure compensating long flow-path turbulent flow in line dripper. Distance between drippers was 0.3 and 0.5 m with flow rate (4l/h) and the other type was pressure compensating. 
⁕ Pressure gauges
Five pressure gauges were used to determine the pressure of the network First one was located at the inlet of manifold one (250kPa), the second one located at the end of manifold one (250kPa), the third located at the manifold two end in case of closed circuits with two manifold (250kpa), the fourth located at mid lateral (250kPa), and the fifth pressure gauge located at the lateral end in case of traditional design (100kPa). The coefficient of manufacture variability measured the variation in flow rate for a given dripper model at a normal operating pressure ranging from 50 to 150 kPa and a water temperature of (20-23)°C, the dripper flow variation was calculated using the following equation:
Methods of calculation
Where:
= the dripper flow variation, (%); = maximum dripper flow, (l/h), = minimum dripper flow, (l/h).
In general criteria for values are; 10-20 % acceptable; greater than 20%, not acceptable according to ASAE (1996).
Dripper manufacture's coefficient of variations (CV)
The manufacture's coefficient of variation "CV" was calculated by measuring the flow rates from a sample of the new drippers according to (ASAE 1996 Standard), as follows:
Where, = manufacturer's coefficient of dripper variation; = average flow rate (l/h), and S = standard deviation of dripper flow rates at a reference pressure head. 
Distribution uniformity (DU)
Another measure of dripper uniformity (DU %) was typically used to evaluate manufacturing quality of drippers. The DU is the ratio between the average flow rate in the quarter receiving less water and the average flow rate at the system level. It is used to describe the predicted dripper flow variation along a lateral line and can be assumed as synonymous to that of distribution uniformity (DU). Low quarter DU (Marriam and Keller, 1978) as applied to all types of irrigation systems can be expressed as:
Where, DU= the distribution uniformity, (%); qn = The average of the lowest ¼ of the drippers flow rate, (l/h), qa= The average of all dripper flow rate, (l/h). Table 2 . Show the classification of the microirrigation uniformity, ranging from excellent to unacceptable, recognized by the standard of (ASAE, 1996). 
Friction head losses
The friction head losses for all work were determined, head losses along the laterals were measured by pressure gauges at upstream to evaluate hydraulic heads distribution corresponding, this distribution of pressure gauges in specific location is to ensure the actual values of pressure at different points on the drip irrigation system.
Field Experiments
Traditional drip irrigation design as shown in Fig. (4) 
Fig. 4. Layout of traditional drip irrigation design
Closed circuits drip irrigation design as shown in Fig.(5) , it had two 32mm manifold branched to three lateral drip lines of 16mm nominal diameter of flow rate (4l/h), lateral ends connected from its two ends with sub main manifold, so that the flow of water was met at the middle of the drip line and thus ensured the equalization of the water at all points of distribution lines and pressure regulation along the network. 
Calibration of used drippers
Data shown in Fig. (6), Fig. (7) indicated that once the pressure increases, the dripper flow rates also increase, the laboratory experiments were conducted for two types of drippers (online drippers and built in drip line), on line drippers with nominal flow rates about (2-4 l/h), non-pressure compensating, and gives the dripper flow-pressure functions as well as the regression equations. fully turbulent *According to ASAE (1996) .Tables 1&2
As shown in Table ( 3) all correlation coefficients were above (0.9), the built-in drip line were acceptable for all tested parameters CV, DU, and qvar.
The CV values were 5.03 %, 4.29%, 4.66% for non-pressure compensating built-in drip line 30cm built-in line 50cm spacing non-pressure compensating, and pressure compensating built-in drip line 50cm spacing respectively.
That is mean high manufacturing quality which is due to high material quality of low density polyethylene (LDPE), DU% values were also accepted because of high values, those were 92.9%, 94.48%, 93.39% for non-pressure compensating built-in drip line 30cm, non-pressure compensating built-in drip line 50cm spacing, and pressure compensating built-in drip line 50cm spacing respectively it is due to using a sample of drippers up to 25 drippers. On other hand the qvar values were 12.7%, 14.48%, and 17.7% for, non-pressure compensating built-in drip line 30cm, built-in drip line 50cm spacing non-pressure compensating, and pressure compensating built-in drip line 50cm spacing respectively, this is due to the drippers flow rates equality.
The flow regime were fully turbulent for both of non-pressure compensating built-in drip line 30cm non-pressure compensating, built-in drip line 50cm spacing non-pressure compensating, and fully pressure compensating for built-in drip line 50cm spacing pressure compensating according to its dripper flow exponent (x) values., So that all were acceptable. The (DU) values were founded acceptable with values 94.6% and 90.38% for on line non-pressure compensating dripper 4lph and on line non-pressure compensating dripper 2lph respectively. due to the flow regime values (x) which was fully turbulent., while both of CV% and qvar were unacceptable coefficient of variations which were between 5.6 % to 8.4% for on line nonpressure compensating dripper and on line nonpressure compensating dripper 2 l/h respectively, and dripper flow variation were 22.8 and 28.9 for on line non-pressure compensating dripper 4 l/h and on line non-pressure compensating dripper 2 l/h. All values were un acceptable, so were considered out of standard according to ASAE (1996).
Effect of drip irrigation circuits and lateral line length on some hydraulic characteristics
The impact of lateral length and spacing between drippers on dripper flow variation (qvar %) for (4 l/h) drippers and distribution uniformity (DU).
1-Dripper flow variation (qvar %).
As shown in Table ( Under the condition of using closed circuits and 100 m lines length the qvar (%) for pressure compensating built-in drip line 50cm spacing is highly accepted while it is unacceptable by using traditional design for 100 m lateral length.
3-Distribution uniformity (DU %)
Table (5) illustrate the effect of using traditional and closed circuits at different lateral lengths on distribution uniformity (DU%) according to ASAE standard, for both of traditional and closed circuits for different lateral lengths (35,50,75 and 100m) for all the selected drippers under operating pressure100kpa:
From the obtained results It is a fact that using closed circuits is more effective than traditional design that is due to better design, higher distribution uniformity values along laterals line, higher system application efficiency, good application for soil feeding power, decreasing the size of some equipment, easy for system flushing and maintenance and easier system installation, these results were in agreement with Hussein, 2007 and Wu & Gitiln, 1982.
3-Impact of closed circuits on friction head loss
Figs. 8 & 9 &10 show the effect of using closed circuits and traditional drip irrigation system on friction head losses.
The percentage of reducing friction head losses when using closed circuits is greater for all lengths where it was evident in the length of 100 meters.
The rate of reduction of friction losses was decreased whenever the length of lateral line decreased. ) it is clear that the using of pressure compensating drippers, reduced notice that the friction head losses comparing with of nonpressure compensating drippers used for both closed circuits and traditional systems, that is due to regulating pressure which affect with direct way on variation of flow rates and the variation between them is greater in the case of larger lengths.
The variation of friction head losses between the closed circuits and the traditional system in case of using built in dripper with 30cm spacing increases compared with the previous two types of 50cm spacing between drippers used because of higher numbers of drippers on the line. Therefore, the effect of the closed circuits has more obvious role in case of using 30cm spacing, these results are consistent with Mansour et al (2010), when the lengths of lines 40, 60 and 80 m were used and reached the following with a side length of 40 meters could be organized in the following ascending order according to the predicted head loss values and CM2DIS <CM1DIS> TDIS measurements. The methods in ascending commands can place the following CM1DIS <CM2DIS <TDIS. While with the 80m lateral length the expected pressure loss values can be organized and measured under irrigation methods in the following ascending orders CM2DIS <CM1DIS <TDIS, irrigation systems at 40, 60 and 80 m can be organized according to the lines of friction head losses in the following ascending order: CM2DIS <CM1DIS <TDIS. Under the slope 0% of the level in the use of CM2DIS, the three designs of the network that described the closed circuits in two method one of them using one manifold and the other design with two manifolds comparing with the traditional design as a control. *DIC; Trickle irrigation circuits, CM2DIS: Closed circuits with tow manifolds separated, CM1DIS: Closed circuits with one manifold; TDIS: Traditional trickle irrigation system.
CONCLUSION
The main results of this search were 1-Using closed circuits had accrued enhancing in distribution uniformity for all used lengths (35-50-75 and 100m) compared with the traditional design. 2-The distribution uniformity were high valued and reached to 88.2% for traditional design when using pressure compensating dripper 0.5 m spacing.
3-Not recommended to use built in dripper 3.0cm spacing for lateral lengths 75mor 100m when using traditional design, the accepted values appeared when using closed circuits (two manifold) for lateral length 75m. 4-In case of using closed circuits the pressure is nearly constant along the lateral compared with traditional design (one manifold).
